INTRODUCTION {#sec1-1}
============

Root canal sealers are used in addition to the core-filling material in obturation of the root canal so as to attain a hermetic seal and to seal the spaces and irregularities between dentinal wall and the core obturating material.\[[@ref1]\] An ideal root canal sealer should provide an excellent seal after setting; should be dimensionally stable; should provide sufficient working time, insoluble in tissue fluid, adhesion with dentin; and should be biocompatible;\[[@ref2]\] however, a sealer cannot work efficiently, unless it has good wetting ability. Wetting is a result of the attractive forces between molecules of adherent and adhesive which depends on two factors, that is, the cleanliness and surface energy of the adherend.\[[@ref3]\]

The wettability of a solid surface for a liquid is reflected by the relative surface free energy of a solid which is measured and expressed in terms of a contact angle formed by the liquid to the solid surface. The contact angle has an inverse relationship with surface free energy.\[[@ref3][@ref4][@ref5]\] In endodontics, a contact angle formed by a sealer (liquid) to a dentine surface (solid) or gutta-percha is crucial.

Contact angle is an angle of intersection between a solid and liquid surface which can be measured from the solid surface through the liquid to the liquid/vapor tangent line originating at the terminus of the liquid/solid interface.\[[@ref3]\]

Wetting behavior of any liquid can be analyzed by its contact angle measurement. Wetting ability of a sealer can be measured by evaluating its contact angle. High contact angle values indicate poor wetting, whereas low contact angle values indicate better wetting.

This study aimed at evaluation and comparison of the contact angle formed by the conventional AH Plus sealer and the newer Hybrid Root Seal and mineral trioxide aggregate (MTA) Plus sealer with dentin and gutta-percha.

MATERIALS AND METHODS {#sec1-2}
=====================

This study was conducted on two groups on the basis of type of substrate -- Group D (dentin) and Group G (Gutta-percha).

Dentin disks preparation (Group D) {#sec2-1}
----------------------------------

Nine intact human single-rooted premolars were collected, rinsed thoroughly with tap water, and placed in saline until further use. The storage period was \< 3 months.

Teeth were decoronated at or below the cementoenamel junction using diamond disk under water coolant to standardize the length of the specimens to 18 mm. A \#10 file was passed through root canal and observed at the apex. The length of the file was measured, from which 0.5 mm was reduced so as to obtain the working length. Root canal preparation was carried out by the standardized crown-down technique using ProTaper Universal Hand Files (Dentsply Maillefer, Switzerland) up to F4 size. Subsequently, diamond discs were used so as to section each root longitudinally to form two parallel dentin slices. Eighteen dentin slices thus formed were ground smooth through 400, 600, 800, and 1200 grit polishing papers under distilled water to remove any surface irregularities. The samples were treated with 3% NaOCl (Amble Healthcare Private Limited, Delhi, India) for 3 min followed by 17% ethylenediaminetetraacetic acid (EDTA) (17% disodium EDTA buffered solution, AMMDENT Pvt. Ltd, Delhi, India) for 3 min. Final rinsing was done with 5-ml distilled water.

Gutta-percha disks preparation (Group G) {#sec2-2}
----------------------------------------

Thermoplasticized gutta-percha was dispensed on a clean glass plate using Calamus Obturation System (DENTSPLY Tulsa Dental Specialties, Tulsa, Okla, USA). The preset values of temperature (180°C) and flow rate (60%) were used.

The gutta-percha cartridge was heated to the desired temperature. On reaching the target temperature, activation cuff of the flow handpiece was pressed, and gutta-percha was extruded on the glass plate and was further pressed by another clean glass slab to prepare 18 gutta-percha flat smooth surfaces.

On the basis of root canal sealers used, Group D and Group G were further subdivided into 3 subgroups D~1~; D~2~; D~3~ and G~1~; G~2~; G~3~, where:

AH Plus (Dentsply De Trey GmbH, Konstanz, Germany), paste A and paste B were mixed as recommended by the manufacturersHybrid Root Seal (Sun Medical, Tokyo, Japan), powder and liquid of Hybrid Root Seal were mixed according to the manufacturer\'s instructionsMTA Plus (Avalon Biomed Inc. Bradenton, FL, USA), powder and liquid of MTA Plus were mixed according to the manufacturer\'s instructions.

The sealers were loaded in an insulin syringe, and controlled volume (0.1 mL) of each sealer was placed on dentin disks and gutta-percha surfaces. The specimens of each group were mounted on a plain glass surface in the contact angle measuring device (Phoenix 300). Images of droplets of each sealer were digitalized by scanner \[Figures [1](#F1){ref-type="fig"}-[3](#F3){ref-type="fig"}\]. Subsequently, the height (h) and width of the base (b) of each droplet was measured with the device. The measured units were used for the calculation of contact angle equation (a = 2 arc \[cos 2 h/b\]) and were subjected to statistical analysis by one-way analysis of variance and Student\'s t- test.

![Contact angle formed by AH Plus on (a) dentin (b) gutta-percha](JCD-21-180-g001){#F1}

![Contact angle formed by Hybrid Root Seal on (a) dentin (b) gutta-percha](JCD-21-180-g002){#F2}

![Contact angle formed by mineral trioxide aggregate Plus on (a) dentin (b) gutta-percha](JCD-21-180-g003){#F3}

RESULTS {#sec1-3}
=======

The measured contact angle values for each sealer on both dentin and gutta-percha disks are shown in [Table 1](#T1){ref-type="table"}.

###### 

Mean and standard deviation of contact angle of AH Plus, Hybrid Root Seal, mineral trioxide aggregate Plus on dentin and gutta-percha disks

![](JCD-21-180-g004)

On dentin disk, the contact angle formed by Group D3 (66.57 ± 6.02) was significantly higher (*P* \< 0.001) as compared to Group D1 (51.22 ± 2.34) and D2 (54.40 ± 5.62). The difference between Group D1 and D2 was statistically nonsignificant (*P* \> 0.005).

Similarly, on gutta-percha surface, Group G1 (78.46 ± 4.90) and G2 (60.07 ± 7.36) showed a significantly lower value of contact angle as compared to Group G3 (92.81 ± 3.01). The difference between Groups G1 and G2 was statistically significant (*P* \< 0.001).

The contact angle of sealers on gutta-percha was found higher as compared to dentin in all the groups. However, Hybrid Root Sealer showed a nonsignificant difference (*P* \> 0.005).

DISCUSSION {#sec1-4}
==========

The experimental procedure under which the present study was conducted has been found to be highly reliable in previous tested studies.\[[@ref6]\] It has been seen that temperature and humidity influences contact angle, hence all the experimental procedures in this study had been performed under standard environmental conditions.\[[@ref7][@ref8]\] All the root canal sealers tested in the present study, that is, AH Plus, Hybrid Root Seal, and MTA Plus were manipulated conforming to the instructions provided by manufacturers. Controlled volume (0.1 mL) of each sealer was used as in previous studies have cited that any volumetric change can affect the contact angle.\[[@ref7][@ref9]\]

The dentin disks were polished by different grits of 400, 600, 800, and 1200 paper so as to impart a smooth surface as in the previous study; it has been seen that roughness influences contact angle.\[[@ref10]\]

The contact angle can also be affected by the level of hydration,\[[@ref11]\] hence to render the dentin surface sufficiently hydrated, the specimens were finally blot dried after rinsing with saline. Kim *et al*.\[[@ref12]\] reported that irrigants like EDTA can influence the dentin surface tension, thus influencing the contact angle; however, we followed the irrigation protocol so as to simulate the clinical conditions. The irrigant used in the study, that is, NaOCl had been selected as it is the most frequently used irrigant for disinfection in root canal treatment. In addition, it also removes collagen resulting in dentine surfaces similar to that of etched enamel. An increase in wettability after NaOCl treatment has been observed as it causes deproteination leading to a hydrophilic surface.\[[@ref10]\]

The mean contact angle for AH Plus in this study was 51.2° which was comparable to the study done by Kaushik *et al*.\[[@ref13]\] where AH Plus exhibited a contact angle of 47.9°.

MTA Plus showed lesser wettability as compared to AH Plus and Hybrid Root Seal in both dentin and gutta-percha surfaces. The difference in the composition might have influenced the wettability outcome as MTA Plus is a calcium silicate-based sealer, whereas Hybrid Root Seal is a methacrylate resin-based sealer which has 4-META monomer in its composition, which in turn has a hydrophilic radical that bonds to dentine and a hydrophobic radical that bonds to the solid filling material.\[[@ref14]\] According to Van Landuyt *et al*.,\[[@ref15]\] the composition of this sealer shows attachment of two carboxylic groups to the aromatic group which produces an acidification leading to a demineralized surface which subsequently enhances wetting.

AH Plus is an epoxy resin-based sealer which although being hydrophobic exhibited superior wetting of root dentin surface when compared to Hybrid Root Seal, although the difference was statistically nonsignificant. The possible explanation may be due to the ability of AH Plus to penetrate into microirregularities due to its high creep capacity.\[[@ref16]\] One of the reasons may be that EDTA exposes collagen fibers with low surface free energy by demineralizing the dentin surface, hence enhancing the spreading of these hydrophobic-like materials.\[[@ref17][@ref18]\] The higher pushout strength of AH Plus as compared to MTA Plus as shown by Sönmez *et al*.\[[@ref16]\] also supports the result of the present study.

The contact angles of sealers on gutta-percha were seen to be higher as compared to dentin in all the groups. Gutta-percha being hydrophobic may have caused the sealer to pull away from gutta-percha surface on setting.\[[@ref20]\] Dentin shows better wetting with all the sealers as compared to gutta-percha indicating that dentin exhibits a relatively higher surface free energy as compared to gutta-percha.

However, there were certain limitations in the study. A sealer may behave differently in the presence of pressure which is created during lateral or vertical compaction; however, no load had been applied while measuring the contact angle of the sealers in this study. Furthermore, the contact angle of the sealers had been measured for a single period only.

CONCLUSION {#sec1-5}
==========

All the experimented sealers showed better wettability on dentin when compared to gutta-percha. Hybrid Root Seal and AH Plus have better wettability compared to MTA Plus on both dentin and gutta-percha.
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